PROJECT OVERVIEW

PURPOSE
The National Institute of Standards and Technology (NIST) offers pressure calibrations for stakeholders in industry and defense that have been executed at a world-class quality level by using a labor-intensive process requiring years of experience since calibration services utilizing piston gauge pressure standards began at NIST in the 1930s. The cost of pressure calibrations has increased over time due to the requirement for highly trained labor and resulted in a reduction of available staff time for research.
OBJECTIVE STATEMENT
Improve the process for Pneumatic Deadweight Piston Gauge Calibrations (NIST service ID 29010C [1] ) by minimizing manual time required by staff to execute the process, reducing the level of experience required for staff involved while maintaining (or improving) process quality, reducing the average turn-around time and reducing the total cost of pressure calibrations per Pressure ID.
APPROACH
Between April and November of 2014, the team developed process maps for both the current state and an ideal future state for the piston gauge calibration process. A gap analysis identified improvement opportunities that were prioritized and broken down into a 3-phase approach for implementation.
 Phase I -focus on replacing legacy software and manual calculations with a LabVIEW * program capable of capturing all required inputs during equipment receipt, setup and measurement, then automating data analysis and report generation. In addition, the team will develop a system to introduce a new transducer measurement method and then verify it is capable of replacing the existing trim mass measurement method.  Phase II -focus on introducing automated capture of measurement values and automated process control of the measurement process with the exception of loading and unloading masses (this will be addressed in Phase III).  Phase III -focus on implementation of an automated mass handling device which would create full automation of the measurement process once setup activities are complete. 
TEAM MEMBERS
PHASE I OBJECTIVES
Reduce opportunities for error, time required and level of experience required in the piston gauge calibration service by:  Combining capture of equipment receipt, measurement point calculations, setup, recording of observations, data analysis and report generation activities into one program (LabVIEW),  Eliminating duplicate data entry points,  Creating an electronically accessible version of Working Standard information to further reduce data entry requirements,  Improving quality through reduction of manual input and introduction of electronic historical records,  Improving data analysis automation to complete in one step, and  Automating report generation. Identify and make go/no-go decisions for solutions required for implementing:
 100% electronic test folders, and  Fully automated calibration process. 
PHASE I KEY MILESTONES
PHASE I: DETAILED RESULTS
PHASE I DELIVERABLES
The team identified six deliverables for phase I of this project. Five of the six deliverables have been achieved; the sixth deliverable was moved to phase II by agreement of the entire project team. The deliverables and a brief description of the work completed is provided here. 
DELIVERABLE ACHIEVED
Based on process documentation, the team identified what information is required to complete a calibration, when the information is known (what step in the process) and the source of that information. The team worked together to create a wire frame for how the user interface should be presented for each of the major process steps. Finally, LabVIEW code was developed for each of the major process steps, then linked together to create the Phase I program. Throughout code development, the team met to review status, provide feedback, address issues and identify next steps. The result is a single LabVIEW program capable of capturing all required inputs for a calibration to be completed, analyzing results of the calibration and generating final calibration report documents while minimizing the number of inputs requiring manual input by the NIST Technical Contact.
Applicable Working Standards information converted to electronic form that is accessible by
LabVIEW DELIVERABLE ACHIEVED Working Standards (e.g. PG32) refer to characteristics for all standard piston gauges, the associated standard mass sets, bases and fluids used for the piston gauge calibration services. Dependencies exist between the piston gauges, mass sets, bases and fluids used. For example, PG32 only works with certain bases and mass sets. These dependencies, previously undocumented in a single, organized format, must be known in order to set up and execute a calibration. The team worked to document these dependencies so they could be incorporated into a Working Standards database accessible by the Phase I LabVIEW program. Creation of the database has significantly decreased the number of input values requiring manual entry by the NIST Technical Contact.
Approval for implementation of application(s) to be used for review and approval of official test folder documents (Calibration Report(s), Test Folder Cover Letter, #3 Copy of NIST-64) DELIVERABLE ACHIEVED
One of the core efforts of the Colleagues' Choice Innovations in Measurement Science (C2IMS) project to Transform NIST Calibration Services is focused on developing a Calibration Customer Portal to "improve the quality of service we provide our customers and increase the dissemination of the SI (International System of units)." The portal will be a dedicated module within the NIST-wide Customer Relationship Management (CRM) application. The Piston Gauge Calibration team will work with the C2IMS project team to identify requirements for the portal including, but not limited to, workflow for electronic review and approval of reports, digital signature for electronic signing of completed reports and the ability to provide secure, electronic delivery of final reports to the Customer. Many of these capabilities will be developed and piloted as part of Phase II of this project.
4. Identification and development of physical set-up requirements to replace trim masses with pressure transducers / absolute gauges for all pneumatic pressure ranges in scope DELIVERABLE ACHIEVED
The current measurement process requires loading and unloading of nominal masses on each piston followed by the addition of trim masses on one side until a balanced condition is achieved. In the current method, trim masses are manually added and/or removed by the NIST Technical Contact, often with tweezers. In order to make an attempt at full automation of the calibration process, it was necessary for the team to eliminate the need for trim masses.
Building upon previous research [2] , the team designed a new method using transducers to measure the pressure difference between the piston assemblies instead of using trim masses to achieve a balanced condition, with minimal effect on the final uncertainty of the calibration. In order to cover the full pneumatic pressure range, two transducers controlled by a custom built manifold are required. The manifold assembly includes LabVIEW coding for automated process control and capture of transducer data. The Phase I LabVIEW program has been designed to support both the current trim mass method and the new transducer method. The result of Phase I is approval to implement the Phase I LabVIEW program using both methods for comparison purposes. The current trim mass method will continue to be the accepted method for calibrations until results of the new transducer method have been verified and accepted across the full pneumatic pressure range. Formal acceptance of the transducer method is a Phase II deliverable.
Historical calibration records converted to electronic format and accessible by LabVIEW DELIVERABLE MOVED TO PHASE II (7/15/2015)
During development of the Phase I LabVIEW program, the team determined electronic access to historical calibration records was not crucial to Phase I success and could be delayed until Phase II of the project. Details of previous set up configurations do not need to be available electronically due to the efficiency of the new LabVIEW program and the updated final report template now contains a brief statement requiring only the NIST ID Number and Completion Date of the last calibration of the instrument done by NIST. Based on this information, the team decided to focus available resources on the development of the new transducer method.
A go/no-go decision for development and implementation of an automated mass handling device DELIVERABLE ACHIEVED
Development of the new transducer method to replace the current trim mass method has allowed the team to move forward with plans to introduce automated mass handling capabilities for the nominal masses. This led to a Go [Go is better, so it doesn't look like an acronym, or "go"] decision to purchase a commercial off the shelf Automated Mass Handler (AMH) and the identification of a potential second AMH currently supporting an IMS project.
Phase II efforts will focus on:  developing automated process control, excluding automated mass handling capabilities, and  determining how to introduce automated mass handling capabilities into the calibration process. 
CALCULATING RESULTS FOR PHASE I MEASURES
Results were calculated based on the following assumptions: 1. Results are for the calibration of one single Deadweight Piston Gauge, service ID 29010C 2. NIST-owned base and NIST-owned masses are used 3. Number of masses determined by averaging actual number of input values from 3 test folders:  Average number of masses per measurement loaded on the standard (STD) piston gauge is 6  Average number of masses per measurement loaded on the Test piston gauge is 9  Average number of trim masses per measurement is 4 4. Phase I program replaces use of trim masses with the new transducer method 5. A duplicate input is an input value entered into any data source more than one time
MEASURE 1
Reduce number of data sources used to capture, analyze and generate final documents from six to one (where "data source" is any document or system used)
 TARGET ACHIEVED: Reduced number of data sources from 6 to 1 (see Table) DESCRIPTION: The previous method required the user to enter and re-enter data into multiple data sources over the course of the calibration process. The Phase I improvements have established a LabVIEW program capable of capturing the required inputs directly into the program at the time they are known and recalling the data when needed for data analysis and report generation later in the calibration process.
IMPACT: These improvements significantly reduce the amount of time and opportunities for error in the calibration process. In addition, the entire Phase I LabVIEW program can be run on the lab computer. This eliminates the need to use the legacy computer currently running the Fortran program as well as the steps to transfer the outputs of the Fortran program to a separate computer via floppy disk. Implementation of the Phase I LabVIEW program mitigates the risk of legacy equipment failure and improves knowledge transfer capabilities from one NIST Technical Contact to the next. IMPACT: The 85.8% reduction in the total number of data values documented by the NIST Technical Contact has significantly reduced the opportunities for error in the calibration process. In addition, the amount of time required to determine preliminary measurement points, complete data analysis and generate final documentation has dramatically decreased (see measure 5 results for more details). The impact of these improvements is furthered by improving the data integrity of the data values that are documented by the NIST Technical Contact. IMPACT: This result significantly reduces the amount of time and opportunities for error in the calibration process.
MEASURE 5
Reduce 
A LOOK AHEAD: PHASE II OVERVIEW
Phase II will focus on introducing automated capture of measurement values and automated process control of the measurement process with the exception of loading and unloading masses (this will be addressed in Phase III).
